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ABSTRACT 
In a counterbalanced treatment design, 12 elementary school aged children 
read under two conditions: a) independent, silent, and with mentor help as 
necessary; and b) computer assisted, with visual and auditory delivery of text (via 
Kurzweil 3000). A repeated measures multivariate analysis of variance 
(MANOVA) revealed no significant difference in the composite mean for their 
comprehension and reading rate scores based on presentation strategy (F (2,9) = 
1. 10, p = .3 7). Results from this MANOV A also revealed no significant 
difference in the composite mean of comprehension and reading rate scores based 
on students' processing speed (F (2,9) = .20, p = .82). The presentation mode x 
processing speed interaction effect was not statistically significant (F (2,9) = .34, 
p = . 72). Results from a 2 x 2 analysis of variance (ANOV A) show that 
comprehension did not vary as a function of manipulating the speed of 
computerized reading rate (F (1,10) = .01, p = .94), nor were there significant 
differences between fast and slow processors' comprehension scores (F ( 1, 10) = 
.33, p = .58). Similarly, the presentation speed x processing speed interaction 
effect was not statistically significant (F ( 1, 10) = 1.27, p = .29). 
Computerized presentation proved no more effective than traditional 
remedial reading instruction for teacher-nominated weak readers. Perhaps the 
choice of whether to use traditional or computerized remedial support should be 
determined by considerations such as cost, accessibility of person power for 
lV 
mentoring vs. technology, readers' personal preferences, etc. rather than 
effectiveness. 
V 
TABLE OF CONTENTS 
1. INTRODUCTION ....................................................................... 1 
Purpose ............................................................................... 1 
Background Information ........................................................... 1 
Rationale for Computer Reading Programs ..................................... 3 
Efficacy of Computer Reading Programs ....................................... 7 
Aptitude x Treatment Interaction ................................................ 12 
Processing Speed .................................................................. 13 
Reading Rate ....................................................................... 14 
2. STATEMENT OF THE PROBLEM ................................................ 17 
3. RESEARCH QUESTIONS ........................................................... 19 .. 
4. METHODS .............................................................................. 20 
Participants ........................................................................ 20 
Instruments ........................................................................ 21 
Procedures ......................................................................... 24 
Data Analyses ..................................................................... 27 
5. RESULTS ............................................................................... 28 
Kurzweil 3000 vs. Traditional, Independent Reading ........................ 28 
Processing Speed and Presentation Mode ...................................... 29 
Computerized Presentation Speed and Processing Speed ................... 29 
VI 
6. DISCUSSION ........................................................................... 31 
Implications ........................................................................ 32 
Summary ........................................................................... 37 
Limitations and Suggestions for Future Research ........................... .37 
REFERENCES ............................................................................. 40 
APPENDIX ................................................................................. 51 





The purpose of this study was threefold. The primary purpose of this 
study was to compare the effectiveness of a computerized reading progr� 
Kurzweil 3000, to a traditional (person powered) reading program for improving 
reading skills in elementary school readers. The second purpose was to 
investigate whether a computerized or traditional reading approach increases 
reading skill acquisition (i.e., reading rate and comprehension) based on student 
processing speed. The third purpose was to determine the extent to which 
comprehension is influenced by varying computerized oral reading rate in those 
with slow and fast processing speeds. 
Background Information 
Acquiring reading skills at the elementary school level sets the stage for a 
lifetime of academic success. However, without basic reading skills, a learner 
becomes frustrated and loses motivation to learn. According to the National 
Institute of Child Health and Human Development, "40% of the United States 
population have reading problems severe enough to hinder their enjoyment of 
reading" (Grosse� 1997, p.5). Poor readers often take an inordinate amount of 
time to decode words, re-read passages frequently, and take numerous breaks 
during reading due to its stressful nature. 
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Reading instruction is often equated with providing opportwiities for 
practice (Duffy & Roehler, 1982). Traditional classroom reading instruction 
relies heavily on individualized, silent reading. Independent reading is needed in 
order to refine and build knowledge of letter-word relationships and to increase 
familiarity with printed words, so they can be identified quickly and effortlessly. 
Once the lesson or objective has been taught, students are instructed to read 
silently with teacher assistance periodically available. However, there are 
drawbacks of independent, silent reading. One, teacher assistance is not always 
available due to large classroom size or other teacher demands; and two, when 
students encounter words they are not familiar with, they may feel embarrassed to 
raise their hands and ask for assistance. 
Traditional reading methods have been primarily delivered through printed 
materials and via oral interaction between teacher and student. Like traditional 
methods, computer reading programs may also be individualized and interactive, 
but with the added option of giving the student greater independence from teacher 
direction. Students would benefit from compensatory reading aids that improve 
their ability to read at higher levels of comprehension and speed, that reduce the 
stress associated with reading, and that allow them to read independently without 
assistance. Computer readers have been created to provide these types of 
assistance to developing readers. 
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Computer reading programs have been created to help developing readers 
overcome the obstacles that poor readers often face. Computer reading programs 
take advantage of the fact that many people with poor reading skills have 
reasonably good ability to use spoken language. Often, they can process speech 
at a normal or above average rate and understand spoken better than written 
language (Elkind, 1998b). Computer reading programs take advantage of this 
ability by converting printed text into speech, which taps into both the visual and 
auditory modalities of the reader. As each page of to-be-read text is displayed on 
a monitor, the computer uses synthesized speech to read the text. Computer 
reading programs were designed to support reading skill gains in phonological 
decoding by providing instant and/or continuous feedback (Olson, Foltz, & Wise, 
1986). 
Rationale for Computer Reading Programs 
Teaching the relationship between grapheme units and sounds is a 
necessary part of good reading instruction (Anderson, Hiebert, Scott, & 
Wilkinson, 1985). When children learn to associate letters and sounds, they can 
decode pronunciations of most words encountered during reading. Even though 
decoding is the first step in the acquisition of fast, accurate word identification 
and fluent reading, repeated opportunities to read are needed to refine and expand 
knowledge of letter-sound relationships and to increase familiarity with words 
(Reitsma, 1988). Therefore, reading practice is essential in increasing fluency and 
3 
comprehension. Students will learn to read effectively only through extensively 
practicing reading. 
Traditional methods of reading instruction in the classroom sometimes 
hinder reading acquisition in poor readers. For example, guided reading practice 
consists of having children take turns reading portions of a story aloud. This type 
of reading practice allows for the teacher to monitor individual reading progress 
or potential problems and provide corrective feedback. However, using this 
method in the classroom for poor readers does not allow much reading practice to 
take place due to its slow and halting pace. Also, classroom time to practice 
reading is often limited, further restricting rapid word recognition and fluency in 
readers. Biemiller ( 1978) and Allington ( 1984) have indicated that during 
classroom reading sessions, poor readers read substantially fewer words than 
more able readers. 
Another method often used in the classroom is reading-while-listening. In 
this procedure, children repeatedly listen to a single, tape-recorded story and 
simultaneously follow along in the printed text (Chomsky, 1976). Chomsky 
described ·substantial gains in five, third-grade readers as a result of using this 
procedure in the areas of word recognition, oral reading speed, and motivation. 
Using this procedure allows children to have a correct reading model to imitate, 
promotes positive changes in children's motivation to read, and permits students 
to independently practice reading. Research has shown that the average 
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engagement rate during seatwork is lower than direct instruction or reading-while­
listening. Reading-while-listening overcomes this obstacle by combining the 
independence of seatwork, with the feedback of direct instruction (Reitsma, 
1988). 
A third method sometimes used in the classroom is speech-select. This 
method allows students to read individually and request, from a computer 
program, the spoken version of each word in the text as often as desired. When 
readers encounter a word that cannot readily be decoded, they can select the word 
they want to hear, and the word is provided to them automatically through a 
computer speech device. All the text passages are mounted to a pressure-sensitive 
pad connected to a computer-controlled device (Reitsma, 1988). The speech­
select method is similar to independent reading with teacher assistance available. 
Reitsma ( 1988) compared the effectiveness of these three typically used 
classroom reading methods: guided reading, reading-while-listening, and speech 
select reading. When guided reading practice and speech-select practice were 
compared to reading-while-listening, no effect was found. The important 
difference between these conditions is the fact that in the guided reading and 
speech-select condition, the reader has to be actively engaged in reading, while in 
the reading-while-listening condition, the reader is not explicitly required to pay 
attention to the written words. Findings also showed that guided reading and 
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speech-select practice were equally effective in promoting reading fluency and 
reading speed. 
Computer reading programs are similar to traditional classroom reading 
methods, such as guided reading, reading-while-listening, and speech-select, in 
that an auditory component is included with a visual representation of text. To 
promote correct associations between printed and spoken text, hearing the words 
should coincide with looking at the corresponding text. Kurzweil 3000 
overcomes the problem of engaging the reader by including features such as text 
highlighting. Each spoken word is highlighted in the text. This allows for 
independent reading while including all the benefits of direct instruction 
techniques. In a study by McMahon ( 1983), it was shown that first-grade students 
are able to follow along with the presentation rate of spoken words if that rate did 
not differ dramatically when compared with their own oral reading rate. 
Computer reading programs allow the reader to compensate for decoding 
problems without having to over-rely on context. By pronouncing words, it 
allows readers to increase their reading speed and shift their attention from 
decoding to comprehension. When using a computer reading program, the focus 
can be on comprehension. As comprehension gets better, it can be more 
effectively used to evaluate the reading process. This meta-cognitive aspect of 
reading is important. Children with reading difficulties have problems monitoring 
their reading progress. Utilizing computer readers may encourage the 
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development of meta-cognitive skills and the use of comprehension as a self­
regulative tool (Olofsso� 1992). 
Furthermore, it may be possible to build a feeling of independence and 
success through the use of computer reading programs. Normally, children with 
reading difficulties are dependent on help from teachers when confronted with 
difficult reading material. Not having immediate reading help available can lead 
to frustration and stress and may affect the self-confidence of a reader. 
Efficacy of Computer Reading Programs 
Teachers view the use of technology in the classroom as a strategy to 
enhance effective literacy instruction. A survey of over 1,000 special education 
teachers showed that 85% use technology in literacy instruction, 97% believe that 
technology helps students acquire literacy skills, and 91 % expect to increase their 
use of technology in the classroom (Burton-Radzely, 1998). The presentation of 
text on a computer screen versus paper has been studied to determine whether that 
presentation mode alone can improve reading comprehension. Several 
researchers compared the effects of reading text from paper and from a computer 
monitor (without speech synthesis) (Casteel, 1988; Keene & Davey, 1987; 
Reinking, 1988; Reinking & Schreiner, 1985; Swanson & Trahan, 1992). 
Apparently, merely reading from a monitor fails to improve reading 
comprehensio� i.e., no study found a significant difference between the two 
conditions. 
7 
The introduction of computer speech synthesis to the visual presentation 
of text may be expected to produce better reading comprehension. Montali and 
Lewandowski (1996) examined the effects of bimodal text presentation for 
average and learning disabled readers. Students with learning disabilities 
comprehended significantly better in the bimodal condition than in a visual or 
auditory only condition. Also noteworthy, comprehension of text presented 
bimodally in students with learning disabilities mirrored the comprehension 
scores of average readers in the visual-only condition. 
Computer reading programs have certain characteristics that account for 
their effectiveness. Along with a bimodal presentation of text, computerized 
reading programs provide immediate and consistent feedback for each displayed 
word. According to Stanovich (1986), speech feedback strengthens visual and 
auditory connections and allows for greater reading gains. Feedback on word 
decoding has been shown to significantly reduce reading errors and significantly 
reduce comprehension errors in children with reading disabilities (McCoy & 
Pany, 1986; Pany & McCoy, 1988). In 1986, Olson, Foltz, and Wise compared 
the effe�iveness of computer feedback of displayed words versus no feedback of 
displayed words in readers with reading disabilities. Results supported the 
effectiveness of speech feedback in increasing both comprehension and word 
recognition. 
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More recently, Cohen, Bean, Liberman, Axelrod, and Romberg ( 1989) 
examined the effectiveness of using a computer reader in improving reading 
comprehension test scores. When computer reading software was used, greater 
reading comprehension gains were made; for about 40% of the students, the gains 
were significant. Others have found that in students with dyslexia, the use of 
computer reading software led to reading skill improvement, mainly reading 
comprehension, that exceeded those of other students with dyslexia who were not 
receiving any additional assistance ( e.g., Wise et al., 1989). 
Apparently, not all people with reading difficulties benefit equally from 
using computer reading software to remediate poor reading skills. For example, 
Elkind, Cohen, and Murray ( 1993) found that greater reading comprehension 
scores were obtained by poor readers relative to better readers when both used 
computer readers. Similarly, Higgins and Raskind ( 1997) found measured gains 
in comprehension scores inversely related to unaided comprehension scores in 
post-secondary students. That is, those who had poor comprehension scores 
without the use of a computer reading program had greater gains in 
comprehension when the program was used compared with students whose 
unaided comprehension scores were better. 
Overal4 in the majority of studies using a computer reading program, 
those which provide auditory and visual cues show greater reading skill gains 
over those which use a visual only computerized presentation of text (e.g., Elkind, 
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Cohe� & Murray, 1993; McCoy & Pany, 1986; Montali & Lewandowski, 1996). 
However, a few studies have found no effect of a combined computerized visual 
and auditory presentation of text. For example, Farmer, Klein, and Bryson (1992) 
found no significant difference in comprehension scores between readers who 
used a computer reader with speech synthesi� and those who used a computer 
reader with only a visual display of text. A within-subjects design was used with 
students reading electronic text with or without speech synthesis for words 
selected by the student. The lack of a computer reader effect may have been due 
to the fact that speech feedback was provided only for selected words (text­
select). If speech feedback was available throughout the text, a significant 
difference between conditions may have occurred. 
Similarly in 1992, Leong found no effect on comprehension scores when 
comparing the effectiveness of computer readers that provide a simultaneous 
auditory and visual presentation of text and computer readers that provide only 
visual text presentation. Participants in Leong's study did not have reading 
disabilities; they were described as "below average" in reading. Students were 
labeled as below average if they scored below the median on the scaled aggregate 
Vocabulary and Reading Comprehension subtest scores of the Canadian Test of 
Basic Skills (King, 1982). The lack of effect in Leong's study may be due to the 
fact that his readers were "below average" rather than students with reading 
disabilities (i.e., students who fail to master basic processes, such as 
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letter recognition and sound blending, despite adequate intelligence and 
educational opportunities) or "average" ability readers. 
Another study that produced mixe_d results used a particularly promising 
computerized reading program, Kurzweil 3000. In the only independent study of 
its merits, Elkind (1998a) investigated its efficacy in enhancing reading 
performance for a group of community college students with reading disabilities. 
Reading speed, reading comprehension, and stress/fatigue were the focus of the 
study. Elkind used the Nelson Denny Reading Test (Brown, Bennett, & Hanna, 
1981) to measure reading comprehension and speed. Results showed an overall 
increase in reading rate and comprehension when using the Kurzweil 3000 
program compared to those who read independently; however, it did not help all 
poor readers. Elkind found that readers who had trouble integrating auditory and 
visual information and those who read faster than conversational speech (i.e., 176 
wpm) or who had reasonably good comprehension degraded their reading 
performance when using Kurzweil 3000. 
Findings have not supported universally the efficacy of computer reading 
software programs. Differences within the student, within the specific program 
used, and/or differences between the populations under study may account for this 
discrepancy. Studies exploring specific factors (i.e., students of varying reading 
abilities, needs, processing speeds, type of computer programs, etc.) are 
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needed. What conditions facilitate effectiveness of what type of computer 
programs for what student population? 
In sum, the literature investigating computer readers as an effective tool 
for increasing reading skills has produced mixed results. An increasing body of 
literature has demonstrated the efficacy of computer readers in increasing reading 
comprehension in readers with disabilities; however, other studies have shown no 
effect. This may be due to variability in the characteristics of the computer 
reading software used, reading skill level of the participants, and/or cognitive or 
metacognitive aptitudes of the reader. 
Aptitude x Treatment Interaction 
Discussion of an aptitude x treatment interaction (ATI) model was first 
presented via the work of Guilford ( 1 967) and then followed by Cronbach and 
Snow ( 1 977). The rationale is as follows: if there are two different aptitudes or 
there are at least two levels (i.e., high and low) of an aptitude, then there may be 
approaches that can be used to maximize learning with these aptitudes in mind. 
ATI theory assumes that individuals with different abilities learn in different 
ways, both qualitatively and quantitatively. For example, certain cognitive 
variables appear to be more related to learning than others. Reading acquisition 
depends on certain cognitive underpinnings such as processing speed, phonemic 
awareness, and auditory memory (Lyon, 1 996). In particular, students who 
process slowly may have difficulties with reading (Mather & Jaffe, 1 992). 
1 2  
Consequently, perhaps those with slow processing speed would profit more from 
having computerized oral reading paced slightly below their oral reading speed. 
Conversely, those with relatively faster processing speed may benefit from faster 
paced reading. If this is true, then one treatment intervention speed should work 
better for one group rather than the other, thus producing an aptitude x treatment 
interaction. 
Processing Speed 
Knowledge of a student's ability/disability to process information quickly 
may allow for a specific, effective intervention design to be created. Several 
investigators have reported that the speed with which children name familiar 
objects is a strong predictor of reading skill. For example, Wolf, Bally, and 
Morris (1986) reported a correlation of .66 between the naming speed of common 
letters and digits with kindergarten children and their performance on a word 
recognition task two years later. Word recognition was measured by the speed 
with which the children read lists of words. Additionally, a study by Spring and 
Davis ( 1 989) reported that children who named digits more rapidly, instead of 
slowly, typically read correctly more words. Overall, they found that rapid 
naming of digits predicted word recognition, which predicted comprehension. 
They believed that children who name digits rapidly are doing so because of 
faster processing speed, that these children are more likely to recognize words 
automatically, and that they better understand what they read. 
13 
Reading Rate 
Various studies have supported the hypothesis that improvements in 
reading rates result in improvement in reading skills ( e.g., Marston, 1989; Shinn, 
1995). According to Breznitz (1987, 1988), interventions that increase reading 
rates beyond a reader's normal rate may also increase reading comprehension. 
Breznitz ( 1988) found that the benefits of fast paced reading might be due to a 
lowered vulnerability to visual distraction in average readers. She also provided 
an alternative explanation in that fast paced reading increases information that is 
made available to short-term memory stores. Similarly, research has also 
evidenced that slow reading rates lead to declines in comprehension (Breznitz, 
1987; Kintsch & van Dijk, 1978; Smith, 1994). This view is supported by the 
hypotheses that slow reading rates are believed to lower comprehension by 
increasing demands on working memory. 
Not all studies have supported the notion that an increase in reading rate 
leads to increased reading comprehension. Carver ( 1982, 1990) found that as 
reading rate increased, reading comprehension declined; that is, as reading rate 
increased from slower rates of 83 wpm upward, consistent declines in 
comprehension were evidenced. Meyer, Talbot, and Florencio ( 1999) found 
similar results in that slower reading rates led to greater reading comprehension. 
They found that comprehension was compromised if reading rates were either too 
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far above or too far below baseline limits. Additionally, in 1981, Hausfeld found 
that with increased reading rates, comprehension was compromised. 
Skinner, Cooper, and Cole (1997) examined the effects of adjusting the 
rate during listening previewing on rate of accurate oral re-reading. Listening 
previewing is a reading strategy that provides students with an auditory model 
(i.e., via teacher or other audio delivery) that allows them to follow along and 
read silently while listening to the text (Rose, 1981 ). In the rapid rate condition, 
the model reading rate was between 114 and 2 16 words per minute (wpm). In the 
student paced condition, the model rate was between 44 and 66 wpm. Results 
indicated that students' rates of accurate oral re-reading were higher following 
student rate previewing than following rapid rate previewing. This suggests that 
it may be better to reduce, not increase, oral reading rates when the goal is to 
increase students' reading accuracy. 
In 1997, Skinner, Logen, Robinson, and Robinson concluded that reading 
aloud at rates above a student's baseline oral reading rate may actually deter 
increases in reading accuracy and fluency. However, students were exposed only 
to previewing rates that were approximately equal to or significantly greater than 
their baseline reading rate. Perhaps some students would benefit from increased 
rates of listening previewing at rates faster than their baseline reading rates, 
particularly if the rates were only slightly to moderately faster than their typical 
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rates. Furthermore, those students who are capable of processing symbols quickly 
(i.e., fast processing speed) may benefit the most from faster rates. 
There is only one study available that addresses the relationship between 
using a computer reader and reading speed (Elkind, 1998a). Results showed that 
readers whose unaided reading rate was slow increased their reading rate 
substantially through the use of the Kurzweil 3000 computerized reading software 
program. The reading rate while using the Kurzweil 3000 was not varied and was 
set to their baseline reading rate. On the other hand, readers whose unaided 
reading rate was fast showed marked decreases in reading rate when using 
Kurzweil 3000. Elkind stated that, "unaided reading rate is a very good predictor 
of who will benefit in terms of increased reading rate from reading machine 
technology." A regression model predicted that readers with an unaided reading 
rate of less than 176 wpm ( approximately the speed of conversational speech) will 
have higher reading rates when using Kurzweil 3000, and those above 176 wpm 
will have degraded performance. McMahon (1983) notes that an optimal rate of 
presentation is difficult to specify, and that in order to provide useful practice, the 
discrepancy between read along rate and a child's own oral reading rate cannot be 
too large (approximately over 40% of their baseline reading rate). 
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2. STATEMENT OF THE PROBLEM 
Current literature investigating the efficacy of computer reading software 
reveals mixed results. Some studies have illustrated that with a bimodal auditory 
and visual presentation of text on the computer, gains in reading comprehension 
are often achieved, relative to non-computerized instruction or computerized 
instruction relying on only visual presentation. A number of studies have shown 
that computer reading software not only increase reading comprehension, but also 
basic reading skills. However, effects are mixed and not all students benefit 
equally from using available computer reading programs to remediate poor 
reading skills. 
Additional attention needs to be focused on determining the particular 
characteristics of those who benefit from computer reading programs. In addition 
to determining which readers perform most effectively, there is a need to 
investigate the conditions under which the readers"perform best (e.g., 
computerized aid vs. traditional aid). Specifically, there is a need to determine the 
extent to which a remedial reading program, using the Kurzweil 3000 
computerized reading system, performs relative to a traditional, non-computerized 
remedial program for elementary education students. In addition, because the 
evidence supporting the use of computerized programs is equivocal (i.e., there is 
support for some individuals but not others), there is a need to investigate how 
certain individual difference variables may influence performance under the 
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computerized condition. One individual difference variable thought to influence 
basic reading acquisition is processing speed. The design of this study allows 
processing speed to be evaluated (i.e., do fast or slow processors exhibit marked 
gains in reading comprehension and rate when receiving instruction through 
traditional and computerized approaches?). Consequently, do those with fast 
processing speed perform better using a traditional or computerized reading 
approach than those with slow processing speed (and vice versa)? Computerized 
reading speed can be varied to pace reading. The design allows an investigation 
of whether those with fast or slow processing speed benefit more from exposure 
to fast or slow computerized reading speed (relative to their own baseline reading 
speed). 
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3 .  RESEARCH QUESTIONS 
1 .  What is the relative effectiveness of a computer reader program, Kurzweil 
3000, to increase reading skills, particularly reading comprehension and 
rate, relative to a traditional, non-computerized reading approach? 
2. Do fast processors perform differently than slow processors on reading 
rate and comprehension overall and under each condition (i.e., 
computerized vs. traditional)? 
3 .  Does varying computerized reading rate improve comprehension as a 




Participants in this research study were 12 students from an elementary 
school in a rural county in East Tennessee. The student population of the 
participating school was predominately Caucasian, with 2% African American 
and less than 1 % Hispanic American students. Participants were drawn from a 
school located in a somewhat economically depressed area. As defined by 
eligibility for the federally funded free or reduced fee lunch program, 51 % 
percent of the families of the population of the students are below the poverty 
level. Students from 2nd to 5th grade were identified and recruited for 
participation in this study by their teachers as being below grade level in reading 
(i.e., weak readers). They were then selected to participate based on the return of 
signed permission slips and student characteristics. There were 5 males and 7 
females in this study. Ages ranged from 8 through 12 years. 
Students were chosen as "matched pairs". That is, they were grouped by 
pairs and were matched according to assessed reading and grade level. Reading 
level and grade level were matched in both students in each pair; however, 
processing speed subtest scores [i.e., processing speed composites on the 
Wechsler Intelligence Scale for Children, 3rd edition (WISC-III) and 
Comprehensive Test of Phonological Processing (C-TOPP)] were relatively 
different for each participant in the pair, i.e., the first member of each pair must 
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have earned a processing speed score within the top (fastest) one-half; the second 
member of each pair must have earned a processing speed score within the bottom 
(slowest) one-half. Processing speed composite standard scores for slow 
processors ranged from 59 to 82, while processing speed composite standard 
scores for fast processors ranged from 93 to 1 03 (population mean of 1 00, 
standard deviation of 1 5). The processing composite mean for slow processors 
was 75.50, whereas the processing composite mean for fast processors was 93.67. 
Before the study began, participants' instructional reading level was 
assessed using a word list from the Qualitative Reading Inventory (Leslie & 
Caldwell, 2000). Students' baseline reading rate was determined by 
administering reading passages from the Qualitative Reading Inventory, i.e., 
· words read per minute was determined through the use of this formula: 
WPM = # Words in passage x 60 / Time (in seconds) to read passage. 
Instruments 
Students read materials from the Accelerated Reader program. Advantage 
Learning Systems introduced the Accelerated Reader in 1 986 to supplement 
regular classroom reading programs. Accelerated Reader is a computerized task­
level learning system designed to increase literature-based reading practice. It 
allows for an increase in reading practice for the student, while providing the 
teacher information about the books read and the comprehension level attained by 
the student. Its philosophy is that the use of a computer-aided reading 
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management program can motivate students to read more books. With over 
42,000 schools using the progr� Accelerated Reader is the most widely used 
computerized reading management program in the country (Advantage Learning 
Systems, Inc., 1999). 
Accelerated Reader operates on a simple three-step process. First, a 
student selects a book to read from the Accelerated Reader book list. Books are 
arranged according to a point value system that is based on grade level and 
number of words using the Fry Readability Index (Fry, 1968). The formula used 
to calculate point value for books in the Accelerated Reading program is: 
AR Points = (10 + Reading Level) x Words in Book / 100,000. 
Second, the student independently reads his/her chosen book. Upon 
completion, the student takes a computerized quiz based on the book read. Quiz 
questions range from five to twenty multiple choice, fact questions. The 
computer records the quiz score and points earned by the student. Point values 
are listed on each book in order to increase student motivation in picking harder 
reading materials (Mathis, 1996). 
Poock (1998) examined the strengths and weaknesses of the Accelerated 
Reader program and found that it can benefit students of varying abilities and 
grade levels. By earning points, students are motivated to maintain participation 
in the program. Accelerated Reader requires little or no teacher assistance and 
allows teachers to identify students who are not succeeding based on test results. 
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On the other hand, Poock notes that Accelerated Reader tests do not pro be higher 
order thinking skills; they probe reading comprehension abilities solely (i.e., 
quizzes consist of fact, multiple-choice questions). Also, students may not learn 
to intrinsically value literature and the experiences of reading if they are too 
focused on test taking and point earning. 
Research supports the efficacy of Accelerated Reader in increasing 
reading comprehension (Turner, 1993; Vollands, 1996), independent reading 
(Paul, 1996), and standardized reading test scores (Paul, 1 992; Peak & Dewalt, 
1993). Accelerated Reader has been shown to be an effective tool for motivating 
and increasing reading achievement among at-risk students (Vollands, Topping, 
& Evans, 1999). On the other hand, when Mathis (1996) compared the effect of 
Accelerated Reader on the reading comprehension scores of sixth grade students 
to their fifth grade year (when they did not use the program), he found no 
significant increases in reading comprehension. • 
Students in the computer reading group read Accelerated Reader material 
using the Kurzweil 3000 program. Kurzweil 3000 is a computer reading program 
designed to electronically scan written text and accompanying graphics, visually 
present it on a computer monitor, and use synthesized speech to read the text 
aloud. The program also allows for adjustment of reading rate and highlights text 
as it is spoken. 
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Students in the traditional reading group read Accelerated Reader books 
silently to themselves. This followed a traditional classroom situation in which 
the student independently reads with teacher assistance periodically available. 
When students came across words they had trouble reading, they could ask for 
help by raising their hand. 
Procedures 
Permission slips were provided to selected 2nd, 3rd, 4th, and 5th grade 
students at an elementary school in a rural county in East Tennessee; the students 
were identified by their teachers as being below grade level in reading. Students 
were selected from those with signed permission. 
Students were pretested, using selected subtests from the WISC-III (i .e ., 
Coding and Symbol Search) and the C-TOPP (i.e., Rapid Letter Naming and 
Rapid Digit Naming) and paired as closely as possible on specific reading skills 
such as assessed reading level, Accelerated Reader level, and level of s ight word 
recognition. Baseline reading rate was determined by dividing the number of 
words read by time spent reading and was measured before the study began, when 
students switched conditions, and when the study ended. A graduate student in 
school psychology assessed each student indiv idually. Testing required 
approximately thirty minutes and was accomplished during school hours at a time 
deemed most appropriate by the students ' teachers. Testing was conducted on 
school grounds in classrooms and/or offices according to privacy and availability. 
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A counterbalanced treatment design was used in this study to compare 
methods of reading presentation (i.e., computerized vs. traditional). One 
participant from each pair was randomly assigned to one of two groups. One 
student from each pair received an intervention using Kurzweil 3000 while the 
matched pair peer participated in traditional silent reading. Two reading 
intervention procedures were implemented for each student in the computer ­
assisted treatment condition: fast and slow presentation. Students using the 
computer readers read two stories each day, one 15% below their baseline reading 
rate and one 30% above their baseline rate. These percentages were chosen based 
on data from previous studies to maximize comprehension (Breznitz, 1987, 1988; 
Elkind, 1998a; Marston, 1989; McMahon, 1983; Meyer, Talbot, & Florencia, 
1999; Skinner, Logen, Robinson, & Robinson, 1997). The daily order of 
conditions was alternated. Students not using the computer readers read two 
stories at their own pace. Students read materials provided by the Accelerated 
Reader program during both conditions (i.e., computerized and traditional). Each 
day before the students began reading the stories, an investigator read 
standardized directions to the students (see Figure 1). The design of this study 
alternated the control condition ( traditional silent reading) with the computer­
based treatment condition; each condition occurred over a four-week period. 
Reading time was held constant across conditions. Assessment was conducted 
immediately following each reading each day. After reading a story, the students 
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took a comprehension quiz that consisted of five to ten fact, multiple-choice 
questions. 
Each of the two conditions required approximately forty-five minutes per 
day for four to five days per week. The reading sessions took place after school 
and were monitored by the primary investigator or by trained assistants who were 
either graduate students in school psychology or special education teacher interns. 
The reading material was the same for each peer in the pair; however, one student 
read the material with the aid ofKurzweil 3000 while the other student read the 
material independently. In both conditions, help was provided upon request, as 
indicated by a raised hand. Students were told how to pronounce words and word 
meanings. The reading material consisted of fiction and nonfiction Accelerated 
Reader reading selections at the instructional reading level of each student. At the 
end of four weeks, the intervention condition was switched so that members of 
both groups were exposed to both conditions. Each student read 38 stories in 
each condition, for a total of 76 stories . 
Comprehension quiz question results were compared across treatment 
conditions. Accelerated Reader quiz scores (% questions answered correctly) 
were measured under the independent, silent reading condition as well as 
computerized (Kurzweil 3000) condition. Also, within the treatment condition, 
comprehension quiz scores were compared when reading rate was increased and 
decreased in relation to the students ' baseline reading rate while using the 
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Kurzweil 3000 computer program. Scores from fast and slow processors were 
then compared. 
Data Analyses 
Data from the two conditions ( computerized vs. traditional) were analyzed 
for fast and slow processors using a 2 x 2 repeated measures multivariate analysis 
of variance (MANOVA), followed by two univariate analyses of variance 
(ANOVA) for each dependant variable (comprehension and rate). That is, data 
from fast and slow processors were analyzed to see if that variable affected 
reading rate and comprehension under the computerized and traditional 
conditions. Data from the between-subject variable (fast vs. slow processing 
speed) and within-subject reading presentation (traditional and computer) were 
analyzed via this MANOVA and followed by two univariate analyses of variance 
for each dependant variable ( comprehension and rate). Comprehension means 
under the slow vs. fast condition for fast and slow processors using a 2 
(processing speed) x 2 (rate) ANOV A were compared. Data for each variable 
were calculated for each participant within each of the two groups, and then 
summarized by group. 
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5. RESULTS 
In order to justify using a computer reader program to remediate reading 
skills, it is important to know the extent to which it can increase reading skills 
(i.e. , comprehension and reading rate) relative to an inexpensive, traditional non­
computerized approach. In addition, it is important to know the relationship 
between computer use and intracognitive differences for promoting reading skills . 
More specifically, do fast processors perform differently in comparison to slow 
processors on reading comprehension and reading rate overall and under each 
remedial reading condition: computerized vs. traditional? Further, do varying 
computerized presentation of context influence comprehension differently for fast 
vs. slow processors? 
Kurzweil 3000 vs. Traditional, Independent Reading 
Results from a 2 x 2 within groups, repeated measures multivariate 
analysis of variance show similar composite reading comprehension and reading 
rate means (dependent measures) across type of reading presentation (i .e., 
traditional and computer). The multivariate E revealed no significant difference 
between the two methods of presentation (F (2,9) = 1.10, p = .37). Two 
univariate analyses of variance revealed no significant differences on 
comprehension (F (1, 10) = 2.41, p = .15) and reading rate (F (1,10) = .08, p = 
.79), based on presentation style. Descriptive data are presented in Table 1. 
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Processing Speed and Presentation Mode 
Results from this 2 x 2 repeated measures multivariate analysis of variance 
also reveal no significant difference on composite reading rate and comprehension 
means as a function of processing speed (F (2,9) = .20, p = .82). Two univariate 
analyses of variance revealed no significant differences on comprehension (F (1, 
10) = .04, p = .84) and reading rate (F (1,10) = .17, p = .69) as a function of 
processing speed . 
Furthermore, the multivariate .E revealed no significant interaction effects 
on composite reading rate and comprehension means based on presentation and 
processing speed (F (2,9) = .34, p = . 72). Follow-up univariate analyses of 
variance were consistent with these results. That is, no interaction effects were 
found on comprehension scores (F (1, 10) = . 76, p = .40) or reading rate (F (1, 10) 
= .00, p = .96) based on presentation method and processing speed. Descriptive 
data are presented in Table 2. 
Computerized Presentation Speed and Processing Speed 
Results from a 2 x 2 analysis of variance shows that comprehension did 
not vary as a function of manipulating the speed of computerized reading rate by 
reducing speed (15% below) and increasing speed (30% above) relative to 
baseline (F (1,10) = .01, p = .94); furthermore, there were no significant 
differences between fast and slow processors ' comprehension scores (F (1, 10) = 
.33, p = .58). The presentation speed x processing speed interaction effect was 
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Kurzweil 3000 is a computer reading program that is designed to help 
struggling readers build their phonemic awareness and fluency skills. More 
specifically, Kurzweil 3000 presents scanned words and graphics on a computer 
monitor and uses synthesized speech to read the text aloud (simultaneous visual 
and auditory text presentation). One purpose of this study was to determine the 
relative effectiveness of using Kurzweil 3000 vs. an independent, silent reading 
program to improve reading skills of elementary school students with poor 
reading skills. 
Results are consistent with some previous studies that found no significant 
difference in comprehension and/or reading rate between readers who used 
bimodal computerized readers vs. those who did not (Elkind, 1998a; Farmer, 
Klein, & Bryson, 1992; Leong, 1992), but differ from other studies showing 
positive effects from computerized aid ( e.g., Cohen et. al., 1989; McCoy & Pany, 
1986; Olson, Foltz, & Wise, 1986; Pany & McCoy, 1988; Stanovich, 1986; Wise 
et. al., 1989). Similarly, neither reading comprehension nor reading rate 
differences were found between fast and slow processors under the two 
conditions: computerized and traditional. Also, adjusting computer reading 
presentation rate did not differentially affect the comprehension of fast and slow 
processors. Implications for the literature and practice are discussed, as are 
limitations and suggestions for future research. 
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Implications 
Because Kurzweil 3000 provides input to two modalities, it might be 
anticipated that the program would produce strong remedial effects. In fact, there 
is support from previous research showing that a dual computerized presentation 
of visual and auditory text leads to greater reading gains (Cohen et. al ., 1989; 
McCoy & Pany, 1986; Olson, Foltz, & Wise, 1986; Pany & McCoy, 1988; 
Stanovic� 1986; Wise et. al., 1989). Conversely, other researchers have not 
found superior effects for the combined visual and auditory computerized 
presentation of text (Elkind, 1998a; Elkind, Cohen, & Murray, 1993; Farmer, 
Klein, & Bryson, 1992; Higgins & Raskind, 1997; Leong, 1992). Differences 
between the populations under study ( e.g., readers with disabil ities vs. weak 
readers, strong readers vs. poor readers, strong readers vs. average readers), 
variations between computer reading programs ( e.g., speech select vs. continuous 
speech software, visual/auditory synthesis vs. visual/auditory only computer 
software), and differences within students ( e.g., processing integration deficits, 
differential reading abil ities, phonological deficits) may account for these 
differences. For example, other studies showing differences included students 
that had learning disabilities, average reading abil ity students, below average 
readers, and post-secondary students. This study included elementary school 
students that were teacher nominated as being below average in reading. 
Furthermore, only one independent study has been conducted examining the 
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effectiveness of Kurzweil 3000 in increasing reading skills (Elkind, 1998a). This 
study examined the effectiveness of this computerized program; however, the 
population included elementary school students instead of post-secondary 
students. 
Although computerized presentation proved no more effective than 
traditional remedial reading instruction for teacher-nominated weak readers, there 
are methodological differences between studies showing positive results and 
results from this study. First, the participants in the previous studies differed from 
those in this study. In the studies that showed positive results using computer 
reading software, none used participants who were teacher-nominated weak 
readers. That is, the participants included students that were average readers, 
below average readers, or students with reading and/or learning disabilities. 
Selection for this study was based upon the teachers' perceptions of their 
students' reading abilities. Teachers selected students whom they thought would 
benefit from reading interventions. Participants in this study may have included 
students whose reading abilities were average or above average; furthermore, 
teachers may have nominated students with behavioral difficulties. Nonetheless, 
teachers perceived the students as needing remedial reading interventions. 
Secondly, the type of computer reading programs used in previous studies 
varied greatly; that is, no computer reader programs were identical. Variables 
such as speech-select capabilities, prompt selections, and/ or other available 
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options varied with the computer program used. The only exception was the use 
of the Kurzweil 3000 program in Elkind 's study (1998a). Elkind found that 
individuals did not benefit equally from computer reading software, in this case 
Kurzweil 3000. Individuals that had trouble integrating auditory and visual 
information had poorer comprehension performance using Kurzweil 3000 than 
those without integration difficulties. Furthermore, present findings are similar to 
those reported by Leong (1992); no effect was found for below average readers 
when using .a bimodal computerized presentation of text compared to a visual 
only presentation of text. 
Other factors may have contributed to the lack of difference in 
comprehension and rate between the computerized and traditional approaches. 
For example, there was significant variability within treatment conditions (see the 
large standard deviations of some groups). That is , performance of participants 
within each condition was highly variable . Large standard deviations made 
finding significant differences more difficult, i.e., they inflate the error term in 
parametric analyses . 
Student motivation was a problem. By graphing comprehension scores by 
student and day, it appeared that there was significant variability within and 
between treatment conditions throughout this study. Consequently, there is 
reason to believe that students ' motivation levels may have negatively impacted 
the power of the treatment. Students wanted to perform well at the beginning of 
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the study ( e.g., responding well to praise, attention-seeking behavior). Towards 
the completion of the study, it was often difficult to redirect the students' attention 
towards reading stories and completing accompanying quizzes. In order to 
overcome lack of motivation, it was necessary to provide students with tangible 
reinforcers for completing their assigned readings. Some individual student 
scores varied from 0% to 100% comprehension accuracy within and between 
conditions. This wide range in accuracy suggests that motivation, not reading 
ability per se, affected ( and contributed to) the variability and apparently 
motivation of the students was not differentially affected by condition 
( computerized vs. traditional). 
Each student was aware that he or she was a participant in a reading study. 
They were informed that their responses would not add to or deduct from 
previously earned classroom Accelerated Reader points. As a result, the extrinsic 
motivator of receiving AR points was removed. Perhaps if students were 
permitted to accumulate AR points ( i.e., participation in this study was similar to 
a classroom situation), motivation levels would have increased. 
Lastly, high variability within each treatment condition may have been 
affected by the reading text selection used throughout this study. The students 
read Accelerated Reader books that were assessed to be on their reading level; 
however, previous readings of specific Accelerated Reader books were 
unaccounted for. That is, some students may have read books that had been 
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assigned to them already, which could have contributed to the variabil ity in 
scores. 
Kurzweil 3000 was not any more successful in increasing reading skills 
than a traditional reading approach as a function of processing speed . Processing 
speed may not be an important factor when select ing a reading intervention using 
a computerized program vs. traditional one. Processing speed and presentation 
style did not affect comprehension and reading rate scores, either directly or in an 
interactive manner. Since there is some evidence that processing speed influences 
basic reading acquisition (Mather, 1992), those with a fast processing speed might 
be expected to perform better when reading via computer and through a 
traditional approach than those with slow processing speed ; however, the results 
of this study failed to support this. 
The processing speed of the reader did not appear to interact with the 
speed of the reading presentation (i.e., slow vs. fast computerized reading rate). 
Varying computerized presentation reading rate to be either above or below an 
individual 's baseline rate did not produce comprehension gains in fast or slow 
processors. Previous research shows that increased reading presentation rate 
leads to comprehension gains (Kintsch & van Dijk, 1978; Breznitz, 1987, 1988) 
and reading skill gains (Marston, 1989; Shinn, 1995). Similarly, research has also 
shown that slow reading rates lead to declines in comprehension (Breznitz, 1987; 
Kintsch & van Dijk, 1978; Smith, 1994). On the other hand, some studies show a 
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decrease in comprehension when reading rate is increased (Carver, 1982, 1990; 
Hausfeld, 198 1; Meyer, Talbot, & Florencio, 1999). 
Summary 
Overall, Kurzweil 3000 did not significantly increase reading 
comprehension and reading rate skills in elementary-school-aged readers when 
compared to a traditional, non-computerized reading approach. Furthermore, an 
aptitude x treatment interaction was not found in regards to processing speed, 
variable computerized reading rate, and intervention type. These results suggest 
that computer reading software, specifically Kurzweil 3000, may not be any more 
effective than traditional reading approaches. Further research is needed to 
determine if computer reading software is worth the effort. Even if no differences 
are found in student performance, teachers may save time by using the 
computerized programs within classrooms (in place of remedial reading 
approaches requiring intensive teacher involvement). 
Limitations and Suggestions for Future Research 
One of the limitations of this study is the mortality rate of the sample. 
This study began with 20 students; however, only 12 students competed all 
required readings. Dropout rates across comparison groups were similar, but due 
to the high number of dropouts, mortality remains a threat. Most the students 
dropped out at the beginning of the study, allowing for groups to be rearranged 
according to processing speed and reading ability. In the future, a larger sample 
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size should be used. Sample sizes should be large enough to include students of 
varying age and grade levels. Also, attention should be focused on intraindividual 
differences of the student. Comparisons should be made for students with varying 
abilities and disabilities ( e.g., ADHD, autism, emotional disturbance). 
Although investigators used standardized instructions and procedures 
provided at the onset of the study, no fidelity checks occurred during 
implementation. In the future, a checklist should be developed and used in order 
to ensure compliance with standardization practices. 
Logistical problems throughout the study may have limited results. 
Computer problems, such as inability of some monitors to scan and load text onto 
the students' computers, occurred intermittently, leading to the postponement of 
some stories to later dates. Furthermore, students experienced some delays while 
reading text from their computer. There was a five to ten second delay between 
each presented page. This may have affected their comprehension quiz scores by 
creating opportunities for distractions. 
Countless educators regard technology in the classroom as an innovative, 
educational necessity. With technological change occurring at a rapid pace, 
educational systems are pressured to locate the most beneficial programs on the 
market. However, technologically advanced hardware/software use may not be 
empirically supported. Even though schools cannot avoid the "technological 
revolution", educators need to become aware of which computer programs are 
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supported through research as being both instructionally efficient and effective. 
Teaching practices will likely focus on technological innovations; further 
evaluation is needed in order to determine its efficacy as a component of skill and 
curriculum delivery and to determine under which conditions certain software 
would be beneficial. Further, due to intraindividual reading acquisition 
differences, interventions using specific computer programs to remediate 
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APPENDIX 
5 1  
"You will be reading two stories today, either on the computer or silently to 
yourself. For those of you on the computers, make sure you follow along with the 
highlighted word as it is being read. If anyone has any questions, whether you 
need help reading a word or help with a word meaning, please raise your hand, 
and I will be glad to help you. When you are finished reading a story, raise your 
hand, and I will give you a short quiz over that material. After you are done with 
the quiz, you will go on to your next story. Does anyone have any questions?'' 
Figure 1. 
Daily Student Directions. 
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Table 1 .  
Means and Standard Deviations of Reading Rate and Comprehension Scores 
Based on Reading Presentation 
Means Standard Deviations N 
Reading Rate 
Traditional 77.50 36.47 12  
Computer 79.76 38.93 1 2  
Comprehension 
Traditional 52.89 1 7.79 12  
Computer 48.09 1 3.1 7 1 2  
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Table 2. 
Means and Standard Deviations of Reading Rate and Comprehension Scores 
Based on Reading Presentation and Processing Speed 
Presentation Mode Processing Speed Means Standard Deviations N 
Reading Rate 
Traditional Slow 8 1 .67 47.34 6 
Traditional Fast 73.33 25.35 6 
Computer Slow 84.40 50.71 6 
Computer Fast 75. 1 3  26.69 6 
Comprehension 
Traditional Slow 53.33 23 .05 6 
Traditional Fast 52.46 12.82 6 
Computer Slow 45.83 16.34 6 
Computer Fast 50.34 1 0. 1 2  6 
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Table 3. 
Means and Standard Deviations of Comprehension Scores Based on Computer 
Reading Presentation Rate and Processing Speed 
Processing Speed 
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